Background {#Sec1}
==========

Obesity, defined as an excessive body fat percentage, is a global health problem \[[@CR1], [@CR2]\] and an important risk factor for chronic metabolic and cardiovascular diseases \[[@CR3], [@CR4]\]. Although prevalences fluctuate per country (and plateaued in high income countries), the mean BMI and prevalence of obesity has increased worldwide \[[@CR1]\]. Nowadays, more and more children are obese, and without preventive measures, a child's unhealthy weight is likely to be sustained in later life \[[@CR3], [@CR5]\]. In the Netherlands, 13.6% of 4--17 year olds are overweight, and 2.7% are obese \[[@CR6]\].

Besides overeating and genetic susceptibility, an insufficient level of physical activity and a high level of sedentary behaviour are some of the main contributors to childhood overweight and obesity \[[@CR7]\], and the target of many obesity reduction programmes \[[@CR8]\]. These programmes often focus on 1) limiting calory intake and eating healthier and/or 2) improvements in the daily physical activity pattern. However, while quickly reducing weight by calory restriction may result in short term success, weight is often regained rapidly as a result of several mechanisms (e.g.by dieting, one's energy expenditure adjusts to a lower energy intake making long term dieting a necessity for the maintenance of the lost weight, hormonal changes, increased neural responsivity, and 'stressed fat cells'- see also \[[@CR9]\]). In the long term, sustainable improvements in daily physical activity are often difficult to achieve for people who are overweight or obese: negative experiences (e.g. lower performance in comparison to others, lack of skills) may result in loss of motivation, causing the individual to further disengage from physical activity. This may contribute to an increase in weight, which in turn may result in even lower levels of physical activity \[[@CR10], [@CR11]\].

Attempts to increase physical activity in children or adolescents often focus on aerobic exercises. However, it is increasingly suggested that strength exercises should be incorporated into a child or adolescents' daily life \[[@CR10], [@CR11]\]. These exercises can improve body composition, i.e. an increase fat free mass and/or reduction in fat mass percentage. A higher fat free mass results in an increase in basal metabolic rate and total energy expenditure. In addition, a lower fat mass percentage improves several cardiovascular risk factors \[[@CR12]\]. There may also be psychological advantages associated with strength exercises, particularly for overweight youngsters who are generally stronger and will outperform their normal-weight peers during strength tests, increasing compliance and enjoyment \[[@CR10]--[@CR13]\], which can in turn contribute to higher participation in physical activity after school \[[@CR11]\].To reduce stigma, and to optimally use social comparison, the focus in the currently presented study was not on weight or adolescents with overweight or obesity, but on health, and on all youngsters.

In this cluster RCT, we investigated the one-year efficacy of incorporating strength exercises into gym classes, in combination with monthly motivational lessons (to engage in physical activities after school) on the body composition and activity level of adolescents.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

Nine Dutch secondary schools (seven schools with Lower Vocational Education, two schools with Senior General Secondary Education) were randomised (stratified on education level; by flip of a coin by the first author under supervision of the fourth author) into an intervention condition (four schools) or a standard curriculum control condition (five schools) (see also Fig. [1](#Fig1){ref-type="fig"}). The intervention period was between March 2015 and March 2016. Measurements were taken before (T0) and directly after (T1) intervention. Trial registration ID: NTR5676 (<http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5676>).Fig. 1Flowchart of participant selection

Study population {#Sec4}
----------------

Sample size calculations were performed based on body composition (fat mass percentage) improvements after 12 months for the intervention schools compared to the control schools. With α = 0.05, power = 0.90, and an assumed small to medium effect size (d = .35), 172 participants per group would be needed for a classical RCT. However, in view of the clustering of students within schools and randomised assignment of schools (cluster randomised trial), we aimed for a sample size of 600 to adjust for the design effect arising from clustering \[[@CR14]\]. The sample size was further increased to 700 to accommodate 15% dropout (although all available data from all participants would be included into the analysis).

Schools were recruited via school management and 695 adolescents (11--15 years old) participated. Following consent from the schools, parents and their children were informed about the intervention and related outcome measurements, and told they could refuse participation at any time. The study methods and consent procedure were approved by the Ethical Review Committee of the Faculty of Psychology and Neuroscience, Maastricht University, the Netherlands \[ERCPN-05-09-2012A1\].

Study interventions {#Sec5}
-------------------

The intervention group received both a strength exercise intervention and a motivational intervention to promote after school physical activity, while the control group continued with their usual curriculum. For an elaborate description of the intervention, see our designpaper by Ten Hoor et al. \[[@CR15]\] (open access).

### Strength intervention {#Sec6}

The PE teachers in the intervention group spend at least 30% of the physical education lessons on strength exercises (approximately 15--30 min per lesson -- students have 3 h of PE per week),. This proportion was based on the feasibility of integrating strength exercises into the standard curriculum (see also an inspirational workbook in Additional file [1](#MOESM1){ref-type="media"}). The teachers were instructed about the program and the specific strength exercises (see Table [1](#Tab1){ref-type="table"}), participated in workshops to improve their motivational speaking skills, and were provided with materials (medicine balls, elastic bands, free weights) to make them able to include strength exercises in their lessons. Furthermore, teachers receive a book with strength exercises and games as inspirational material. This inspirational material was based on literature, ideas from experts in the field, and from the PE teachers themselves (see Additional file [1](#MOESM1){ref-type="media"} for the complete Dutch book). Besides this information package (including: at least 15 min per lesson -- 45 min per week; the focus on absolute strength exercises \[see Table [1](#Tab1){ref-type="table"}\]; and safety guidelines \[including good techniques before increasing weight, never maximal strength exercises, no more than 3 × 15 repetitions, enough variation\]), teachers were allowed to give their own interpretation of these 15 min.Table 1The right strength exercises -- relative versus absoluteAlthough the reasoning is simple, not all strength exercises are appropriate. Heavier people are stronger in *absolute* sense. This means that strength exercises where someone's own body weight plays a role (so called *relative* strength exercises like doing push-ups) can still be experienced as something negative. *Absolute* strength exercises (like strength exercises with free weights) can result in the intrinsic reward that is absent in other physical activities.An extra dimension that makes strength exercises more fun, is when being valued based on qualities. A strength exercise where peers say "you win because you are fat" (like tug of war) is less motivating compared to an exercise with free weights or medicine balls where the reaction is "you are good because you are strong!"

### Motivational intervention {#Sec7}

Once a month, a one-hour lesson was used to increase motivation to be more physically active (see Table [2](#Tab2){ref-type="table"}, our design paper by Ten Hoor et al. \[[@CR15]\] (open access) or Additional file [1](#MOESM1){ref-type="media"} for an overview of these lessons, including the Dutch workbook). These motivational lessons were based on motivational interviewing \[[@CR16]\] and facilitated by a trained mentor or PE teacher. In the first five months, an extra monthly online motivational lesson was given. In Table [2](#Tab2){ref-type="table"}, an overview of each lesson including its content is given.Table 2Content per motivational lessonLessonClass/OnlineTopicMotivational Interviewing1C - Own physical activity behaviour\
 - (anonymous) comparison to group normsIn this lesson, students become aware of their own physical activity behaviour. Based on the anonymous physical activity group mean, students can compare and evaluate their own physical activity behaviour2O - Perceived level of own physical activity\
 - Prepare lesson 3.Students are asked to give a grade to their own physical activity behaviour (1--10). After this, they are asked why they did not score 2 points lower. The idea here is that students come up with things they *are* doing.3C - Advantages and disadvantages of physical activity and inactivityThe students discuss all advantages and disadvantages of physical activity and inactivity to create ambivalence.4O - Physical activity and sedentary norms\
 - Prepare lesson 4.Students are made aware of the current physical activity norms (at 60 min of physical activity per day) and sedentary guidelines (less than 2 h of sedentary behaviour per day).5C - Awareness of different qualities of different athletes.Different athletes are compared by means of Youtube videos. During this lesson, students are made aware that different physical activities require different qualities (e.g. a 100 kg judoka is not a good 100 m distance runner and vice versa).6O - What physical activity suits me?See also appendix b. this is a table/exercise adapted from the book 'Bewegen, Sport en Maatschappij' (physical activity, sports and society) (2008) by Boon, Pecht, Rijper & Stegeman.7C - Action planningFirst the students are asked how confident they are to start or commence a physical activity. In the action plan the student describes the what, when, where, and how (what can they do themselves, who do they need, where can they find help) of their physical activity plan.8O - Synthesis of lesson 1--7Students write a short essay about what they want to do, what they want to achieve, and why.9C - Commitment to the action planStudents discuss how they will try to achieve their goals, and help each other when necessary.10O - Improvement of action plan11CCatch up month12C - Own physical activity behaviour\
 - (anonymous) comparison to group norms\
 - ActionRepetition of lesson 1. In this lesson, the students also have to come up with an idea of what physical activity behaviour they want to start in the coming two months.13CCatch up month/Action monthStudents are reminded of lesson 12 and their action plan14C - Experiences and actionsStudents discuss (perceived) barriers and solutions to overcome these barriers.15C - Implementation intentionsIf-then statements are made to help students to overcome (perceived) barriers.

Study outcomes {#Sec8}
--------------

Sex and date of birth were provided by the school's student administration. Anthropometrics were measured using standard procedures \[[@CR17]\]. Height (SECA 213 stadiometer, Hamburg, Germany) and weight (SECA 877 scale, Hamburg, Germany) were measured without shoes or heavy clothes (i.e. only pants and t-shirt) to the nearest 1 mm and 0.1 kg respectively. Body Mass Index (BMI) was calculated as weight/height squared (kg/m^2^) and Z-scores from age- and sex specific reference values \[[@CR18]\].

Body composition was assessed by deuterium dilution \[[@CR19]\]. After a baseline urine sample, participants drank 75 mL deuterium enriched water, increasing the deuterium body concentration with 70--100 ppm. At least four hours after drinking the deuterium enriched water, the students were required to visit the toilet at least once. This urine was not collected. At the end of the school day (a minimum of 4.5 h later), a second urine sample was collected. To calculate total body water, the two urine samples (baseline and enriched) were analyzed using isotope ratio mass spectrometry \[[@CR20]\]. From total body water, fat-free mass was calculated using age-specific hydration fractions \[[@CR21]\]. Compared to underwater weighing, deuterium dilution is a valid method to assess fat mass percentage in normal weight and obese subjects \[[@CR22]\], showing the same changes in fat free mass over time \[[@CR23]\]. Although the technique can be used in all age groups (i.e. accurate, precise, minimal subject cooperation), the method is relatively expensive as it requires on site expertise and expensive analysis equipment. Consequently, it is not often applied in larger studies.

Sedentary behaviour and Physical activity behaviour in daily life was measured using accelerometry (Actigraph GT3x, Actigraph, Pensacola, FL, USA). Students were asked to wear the device on their lower back for five consecutive days, except during sleep and water activities (e.g. taking a shower or swimming). The device was worn on their lower back by using an elastic band \[[@CR24]--[@CR26]\]. The Actilife software (v6.13.3; <https://www.actigraphcorp.com/actilife/>) was used to generate activity counts (counts per minute; CPM); a higher CPM indicates more physical activity in daily life. Only students who had worn the accelerometer at least 8 h per day during the waking hours (i.e.time awake and time to bed) for a minimum of 3 days were included in the analyses (see Table [4](#Tab4){ref-type="table"}). Wear and non-wear times were determined by the --in Actilife integrated - algorithm of Choi and colleagues \[[@CR27]\] and physical activity level cut-off points were determined as proposed by Mattocks and colleagues \[[@CR28]\]. The comprehensive intervention study protocol is described elsewhere \[[@CR15]\].

Statistical analysis {#Sec9}
--------------------

Statistical analyses were conducted with IBM SPSS Statistics 20. Outcome variables were body composition (primary outcome fat mass percentage, and secondary outcomes absolute fat mass in kg, and absolute fat free mass in kg), weight, and physical activity (primary outcome was counts per minute, secondary outcomes were percentage of time spent in sedentary behaviour, light physical activity, and moderate to vigorous physical activity using the Mattocks \[[@CR28]\] algorithm as integrated in the Actilife software). Mixed (multilevel) regression was used to identify baseline differences between the two conditions on each of the outcomes (with a random school effect on top of the individual pupil effect to adjust for the clustered nature of the data). To test the effectiveness of the intervention mixed regression was used for each outcome variable, using the pretest and posttest as repeated outcome measures, and using time (0 = pretest, 1 = posttest)), condition (0 = control, 1 = intervention), sex (0 = female, 1 = male), age, BMI at baseline, and level of education (0 = Lower Vocational Education, 1 = Senior General Secondary Education) as predictors, plus the interactions of condition, sex, age, BMI and education with time. The covariates sex, age, BMI and level of education and their interaction with time were included for two reasons: First, to increase power by reducing unexplained outcome variance, and secondly, to adjust for possible bias arising from drop out or outcome missingness if related to any of these covariates \[[@CR29]--[@CR31]\]. The random (variance) model part consisted of an unstructured covariance matrix for the within-school variances and covariance of the two repeated measures plus a random intercept for the between-school outcome variance. All participants with at least one measurement (pre or post) were included into the analysis without imputing missing values. This so-called "direct likelihood" method is valid under the same assumptions about missingness as multiple imputation \[[@CR29]\]. The initial mixed model additionally contained three-way interactions of time\*condition\*BMI baseline (and condition\*BMI baseline), and time\*condition\*sex (and condition\*sex).[1](#Fn1){ref-type="fn"} Using Maximum Likelihood estimation and likelihood ratio testing \[[@CR29]\] non-significant three-way interactions were removed from the model. Subsequently, non-significant two-way interactions were removed, apart from the condition by time interaction of interest, and any two-way term that was part of a significant three-way term (e.g. age\*time if the model still contained condition\*age\*time). Finally, non-significant (*p* \> .05) main effects were deleted, except those that were part of an interaction term in the model (e.g. age if age\*time was in the model). All tests were carried out using alpha = 0.05 two-tailed. The final model was rerun with restricted maximum likelihood estimation (REML) to obtain the best estimates of the standard errors of all effects \[[@CR29]\]. The model was also rerun after deleting the condition term from the model, which reflects the baseline outcome difference between conditions and should not be significant due to the randomisation. The condition\*time effect of interest in this model was compared to that obtained with the final model including the condition term as a robustness check (see van Breukelen \[[@CR30], [@CR31]\]).

For all outcome variables, intraclass correlations (ICC) were calculated (per time point) to assess the amount of outcome variance between schools, and normality checks were performed based on the final mixed model (see Additional file [1](#MOESM1){ref-type="media"}).

Non-identifiable data, syntax and output of the analyses are fully disclosed (see Additional file [1](#MOESM1){ref-type="media"}).

Results {#Sec10}
=======

Study population {#Sec11}
----------------

Participant characteristics at baseline are shown in Table [3](#Tab3){ref-type="table"}. No baseline differences were found between the two conditions in age, height, weight, BMI(z), body composition or physical activity outcomes (including wear time of the accelerometer).Table 3Participant characteristics at baselineTotal *M*\
*(SD)*Control *M*\
*(SD)*Intervention *M (SD)*N695342353Female:Male345:350160:182185:168Age (years)12.97 (0.54)13.02 (0.54)12.92 (0.53)Height (cm)159.6 (8.2)160.0 (8.36)159.3 (8.0)Weight (kg)50.4 (11.4)50.7 (12.0)50.1 (10.8)BMI (weight/height in m^2^)19.7 (3.5)19.7 (3.8)19.6 (3.3)BMI z-score0.32 (1.18)0.29 (1.24)0.36 (1.12)Education level (N) *Lower Vocational Ed.*561258303 *Senior General Secondery Ed.*1348450Weight status (N\[%\])^a^ Underweight16 (2.3)9 (2.6)7 (2.0) Normal weight477 (68.6)231 (67.5)246 (69.7) Overweight140 (20.1)65 (19.0)75 (21.2) Obesity61 (8.8)36 (10.5)25 (7.1)N423199224Fat mass (%)25.1 (8.0)23.3 (8.2)26.8 (7.5) Fat mass (Kg)13.1 (6.5)12.0 (6.5)14.0 (6.3) Fat Free mass (Kg)37.3 (7.0)37.8 (7.4)36.8 (6.6)N460226234Physical Activity (CPM)677 (200)675 (189)679 (209) Sedentary PA (%)74.9 (5.6)75.1 (5.2)74.8 (6.0) Light PA (%)22.8 (4.9)22.6 (4.5)23.0 (5.2) Moderate to Vigorous PA (%)2.2 (1.4)2.3 (1.4)2.2 (1.4)Accelerometer wear-time T0 (min)3278 (984)3340 (926)3224 (1032)Note: the analyses of baseline fat and PA measures exclude students whose baseline is missing, but these students are included into the effect analyses if they provide posttest data^a^ the WHO growth references were used for cut off interpretations: <http://www.who.int/growthref/who2007_bmi_for_age/en/>

Missingness analyses {#Sec12}
--------------------

To measure body composition, students handed in two urine samples at school. For the physical activity in daily life measurement, students wore an accelerometer for 5 consecutive days including two weekend days. Due to the nature of these measurements, many students decided not to participate in this measurement (either at T0, T1, or both, see Table [4](#Tab4){ref-type="table"}), resulting in missingness. This is schematically displayed in Table [4](#Tab4){ref-type="table"}; similar patterns of missingness are found in both the control and the intervention group.Table 4Missingness of body composition measurementsT1Total nMissingNot MissingBody composition measurementControl T0Missing119 (35%)24 (7%)143 (42%)Not Missing84 (25%)115 (34%)199 (58%)Total n203 (59%)139 (41%)342 (100%)Intervention T0Missing105 (30%)24 (7%)129 (37%)Not Missing94 (27%)130 (37%)224 (63%)Total n199 (56%)154 (44%)353 (100%)Physical activity measurementControl T0Missing99 (29%)17 (5%)116 (34%)Not Missing124 (36%)102 (30%)226 (66%)Total n223 (65%)119 (35%)342 (100%)Intervention T0Missing104 (29)15 (4%)119 (34%)Not Missing130 (37%)104 (29%)234 (66%)Total n234 (66%)119 (34%)353 (100%)See section 3.2 for an explanation how missingness was handled in the analyses

Participants with missing data at T0 *and* T1 could not be included in the mixed regression effect analysis. To check possible bias arising from this, the relation of such complete missingness (i.e. missing at T0 and T1 simultaneously) to condition, age, sex, level of education, baseline BMI, and the 'switch' variable^1^ was checked with logistic regression (results are summarised in Additional file [1](#MOESM1){ref-type="media"}). Possible bias arising from how these baseline variables relate to complete missingness of an outcome was resolved by including all baseline variables as predictors into the effect analyses with mixed regression \[[@CR29]\]. The following baseline variables were related to complete missingness: 'switch' (*p* = .04 for body composition measurement and *p* \< .01 for the physical activity measurement), level of education (*p \<* .01 for physical activity measurement), and sex (*p \<* .001 for physical activity measurement).

Effect of the intervention on body composition {#Sec13}
----------------------------------------------

After one year, a 1.6% fat mass difference was found in favour of the intervention group (*p* = .007); see Fig. [2](#Fig2){ref-type="fig"} and Table [5](#Tab5){ref-type="table"}. In absolute terms, this reflected a 0.9 kg difference in fat free mass (intervention condition \>control condition; *p* = .041) and 0.7 kg in fat mass (intervention condition \< control condition; *p* = .054). Furthermore, and apart from these intervention effects, boys had a significantly lower fat mass percentage and absolute fat mass, and higher absolute fat free mass than girls at pretest (see the Sex-effect in Table [3](#Tab3){ref-type="table"}). At posttest, these differences had further increased for fat mass percentage (− 3.7%, *p* \< .001), absolute fat mass (− 1.9 kg, *p \<* .001), and absolute fat free mass (+ 3.9 kg, *p* \< .001), see the time by sex effect in Table [3](#Tab3){ref-type="table"}. However, these differences were equal in both conditions (no time\*sex\*condition effect).Fig. 2Effect of the intervention on body composition. Body composition scores as measured by the deuterium dilution technique: Observed data, possibly biased by missingness (left panel), and predicted means based on the mixed regression (right panel). Note that observed means and SDs can be biased by ignoring both the clustering and dropout/missingness. The predicted means based on mixed regression are the best estimates of the time courses of all outcomesTable 5Outcomes of the mixed multilevel regression models for dependent variable fat mass percentage, absolute fat mass (kg), absolute fat free mass (kg), and body weight^a^Fat Mass %Fat Mass (Kg)Fat Free Mass (Kg)Body Weight (Kg)^c^Boys^c^Girls^c^Estimate95% CIEstimate95% CIEstimate95% CIEstimate95% CIEstimate95% CI*(SE)(SE)(SE)(SE)(SE)*Intercept−17.81 (6.56)\*\*4.9--30.7− 17.79 (1.04)\*\*\*− 19.9 -- − 15.7−20.99 (6.17)\*\*−33.1 -- − 8.9−42.51 (7.03)\*\*\*−56.3 -- − 28.7−20.23 (5.82)\*\*\*−31.7 -- − 8.8Time^b^1.35 (1.89)−2.4-- 5.1− 0.99 (1.10)− 3.2 -- 1.226.00 (6.13)\*\*\*13.9--38.123.60 (8.59)\*\*6.7--40.532.37 (6.76)\*\*\*19.1--45.7Condition^b^2.83 (1.02)\*0.1--5.61.45 (0.78)−0.5 -- 3.4−1.25 (0.77)−3.4 -- 0.9− 0.36 (0.58)−1.5 -- 0.8−0.00 (0.72)− 1.8 -- 1.8Age−1.57 (0.50)\*\*−2.6 -- − 0.6----2.62 (0.47)\*\*\*1.7--3.52.67 (0.54)\*\*\*1.6--3.71.28 (0.45)\*\*0.4--2.2Sex^b^− 2.94 (0.56)\*\*\*−4.0 -- − 1.8−1.37 (0.30)\*\*\*−2.0 -- − 0.81.81 (0.50)\*\*\*0.8--2.8--------Level of education--------------------BMI baseline1.39\*(0.08)\*\*1.2--1.61.55 (0.04)\*\*\*1.5--1.61.23 (0.07)\*\*\*1.1--1.42.98 (0.83)\*\*\*2.8--3.12.74 (0.07)\*\*\*2.6--2.9Time\*Condition−1.59 (0.58)\*\*−2.7 -- − 0.4−0.69 (0.36)−1.4 -- 0.00.93 (0.45)\*0.0--1.81.47 (0.63)\*0.2--2.7−0.64 (0.53)−1.7 -- 0.4Time\*Age-------−1.66 (0.44)\*\*\*−2.5 -- −0.8− 1.35 (0.59)\*−2.5 -- − 0.2−1.92 (0.48)\*\*\*−2.9 -- − 1.0Time \*Sex−3.66 (0.58)\*\*\*−4.8 -- − 2.5−1.86 (0.36)\*\*\*−2.6 -- − 1.13.90 (0.46)\*\*\*3.0--4.8--------Time\*BMI baseline0.17 (0.09)−0.0 -- 0.30.21 (0.05)\*\*\*0.1--0.3−0.14 (0.07)\*− 0.3 -- − 0.1--------Intraclass correlations (ratio of between-school variance to between+within-school variance) were (all between 0.01--0.10, for FM% (primary outcome): ICC = .04 at both T0 and T1)\**p* \< .05; \*\**p* \< .01; \*\*\**p* \< .001^a^ The variables 'Switch' and switch x time were in the initial model (see Sample size and statistical analyses section, Footnote a). As these were not significant, these were excluded in the clean model as described in the table^b^ Coding: Time (0 = T0, 1 = T1), Condition (0 = Control condition, 1 = Intervention condition), Sex (0 = girls, 1 = boys)^c^ For weight, a time\*condition\*sex effect was found (*p* = .005). Therefore, the effects for boys and girls are displayed separately in this table. The three-way interaction can be found in Additional file [1](#MOESM1){ref-type="media"}

A three-way interaction was found for the effects of the intervention on weight (Time\*condition\*sex, see Additional file [1](#MOESM1){ref-type="media"}). The same analysis but split on sex showed that body weight increased substantially from pre- to posttest for boys and girls in both conditions. However, for boys the increase was 1.5 kg more in the intervention condition than in the control condition (*p =* .019), partly due to an increase in fat free mass (*p* = .07). For girls, no significant difference (with respect to change) was found between conditions (− 0.6 kg, *p* = .22). Rerunning all final models without the condition term (which represents the baseline difference between conditions and must be zero apart from chance differences due to the randomization) gave very similar condition\*time effects as the final models themselves, indicating robustness of these effects against baseline differences \[[@CR30], [@CR31]\](see Additional file [1](#MOESM1){ref-type="media"}).

Effect of the intervention on physical activity behaviour in daily life {#Sec14}
-----------------------------------------------------------------------

Daily PA decreased from baseline to posttest in both groups, but less so in the intervention group (*p* = .049; see Fig. [3](#Fig3){ref-type="fig"} and Table [6](#Tab6){ref-type="table"}). The time-effect was not significant in the intervention-group (*p* = .490). After 1 year, no differences in sedentary behaviour (*p* = .715), or light physical activity (*p* = .833) were found between groups. After 1 year, a small but significant difference of 0.4% was found for moderate to vigorous physical activities in favour of the intervention group (*p* = .046; this can be translated to approximately 6 min per day). Rerunning the final models without the condition term did not substantially change the results for the condition\*time effect of interest \[[@CR30], [@CR31]\] (see Additional file [1](#MOESM1){ref-type="media"}).Fig. 3Effect of the intervention on physical activity. Physical activity measured by accelerometers: Observed data, possibly biased by missingness (left panel), and predicted means based on the mixed regression (right panel). Note that observed means and SDs can be biased by ignoring both the clustering and dropout/missingness. The predicted means based on mixed regression are the best estimates of the time courses of all outcomesTable 6Outcomes of the mixed multilevel regression models for dependent variable physical activity (in counts per minute; CPM), sedentary behavior (%), light physical activity (%), and moderate to vigorous physical activity (%)^a^Physical Activity (CPM)Physical ActivityPhysical ActivityPhysical ActivitySedentary %Light %Moderate to Vigorous %Estimate95% CIEstimate95% CIEstimate95% CIEstimate95% CI*M (SE)M (SE)M (SE)M (SE)M (SE)M (SE)M (SE)M (SE)*Intercept807.34 (58.28)\*\*\*692--92372.32 (1.70)68.9--75.723.25 (0.68)\*\*\*21.7--24.83.25 (0.38)\*\*\*2.5--4.0Time^b^− 63.22 (18.31)\*\*\*−99 -- − 271.71 (0.56)0.6--2.8−1.52 (0.50)\*\*−2.5 -- − 0.5− 0.16 (0.13)−0.4 --0.1Condition^b^− 8.91(40.95)−107 -- 880.16 (1.26)−2.8 -- 3.20.03 (0.91)−2.2 -- 2.2−0.14 (0.24)− 0.7 --0.4Age----------------Sex^b^66.46 (16.99)\*\*\*33--100−0.97 (0.49)− 1.8 -- − 0.0----0.45 (0.11)\*\*\*0.2--0.7Level of education--------−2.20 (1.07)− 4.8 -- 0.4----BMI baseline−7.98 (2.48)\*\*\*−13 -- 30.15 (0.07)0.0--0.3----− 0.06 (0.02)\*\*\*−0.1 -- − 0.0Time\*Condition50.99 (25.75)\*0--100−0.29 (0.78)−1.8 -- 1.3− 0.15 (0.70)− 1.5 -- 1.20.38 (0.19)\*0.0--0.8Intraclass correlations (all between 0.01--0.10\**p* \< .05; \*\**p* \< .01; \*\*\**p* \< .001^a^ The variables 'Switch', 'Time\*Switch' (Footnote a), "Time\*Sex', 'Time\*BMI baseline' and 'Time\*Level of education" were in the initial model. As these were not significant, these are excluded in the clean model as described in the table^b^ Coding: Time (0 = T0, 1 = T1), Condition (0 = Control condition, 1 = Intervention condition), Sex (0 = girls, 1 = boys

Discussion {#Sec15}
==========

Study outcomes {#Sec16}
--------------

In a school-based randomised controlled trial, we found that small and easily implementable changes in secondary schools (minor adjustments to the physical education classes, plus physical activity motivation) resulted in favourable differences in body composition in 11--15 year-old adolescents. After one year, a 1.6% fat mass difference was found in favor of the intervention group, reflecting a 0.9 kg difference in fat free mass (intervention condition \>control condition) and 0.7 kg in fat mass (intervention condition \<control condition). With respect to physical activity, all adolescents became less physically active after 1 year. This is a phenomenon that is seen more often in youth \[[@CR32], [@CR33]\]. However, due to the intervention, a lower decrease in physical activity level was found in the intervention group compared to the control group. The improved body composition, and less decrease in physical activity might positively influence short term and long term metabolic health and chronic health risks.

The beneficial effects of improving body composition are twofold. First, it is well known that a higher fat percentage is related to several cardiovascular risk factors, such as increased triglyceride levels, higher LDL, lower HDL, increased blood pressure and insulin resistance, and that these associations already exist in children and adolescents \[[@CR15]\]. Secondly, increasing fat-free mass not only increases basal metabolic rate \-- but also total energy expenditure \[[@CR34]\].

Our results also indicate that the use of strength training at school alongside a motivational intervention can induce a change in activity levels, also outside physical education classes. Several reviews have shown a dose-response relationship between physical activity and health showing that any improvement in physical activity behaviour may have beneficial effects \[[@CR35]\].

Strength training as a new approach {#Sec17}
-----------------------------------

In this study, we bridged the gap between biological and psychological approaches to the management of obesity, showing that strength exercises have both physiological and psychological benefits for adolescents who are overweight or obese. By focusing on the general first year secondary school population, and not only on overweight or obese youngsters, we attempted to minimise any stigma associated with obesity and encourage interpersonal appreciation.

Our aim was not to reduce obesity per se, but to tackle obesity-related health issues. Our approach focuses on making overweight youngsters healthier (in terms of body composition) and motivating them to be more physically active. This was achieved, not by focusing on BMI, or the idea that overweight youngsters have to lose weight, but rather by focusing on their strength and on what overweight youngsters like to do.

Reflection on earlier studies {#Sec18}
-----------------------------

An important key term in our study was social comparison: the optimal use of the comparison of overweight youngsters with normal-weight youngsters. Where the strength of overweight and obese youngsters compared to normal weight youngsters is their (absolute) muscle strength, very often aerobic exercises or relative muscle strength exercises are offered (as pragmatic, resource or class management decision), leading to a decreased motivation (see also Table [1](#Tab1){ref-type="table"}). There are limited studies available when it comes to strength exercises in a school based setting. In a study by Smith et al. \[[@CR36]\], a school-based program was conducted. In their 20-week intervention, 361 adolescents who were considered at risk of obesity followed a similar intervention, but no results were found on BMI, waist circumference, body fat or physical activity. An important difference with their study was the body composition measurement (bioelectrical impedance analyses) they used. Although the authors suggest that the inclusion of healthy weight participants might have minimized their effects, we argue that the inclusion of normal weight participants might be beneficial in terms of social comparison. In a recent study by Kennedy et al. \[[@CR37]\], the effects of strength training on muscular fitness was examined. This muscular fitness were examined by push up tests and a standing long jump test. They found improvements for the upper body, but not the lower body. After six months, effects of strength training on skill competency and self efficacy were found, but not on BMI, flexibility, physical activity, or motivation. Although the validity and reliability of the tests used in their study is high, in our study we argued that adolescents who are overweight or obese have a higher absolute muscle strength, and perform better in absolute strength exercises. Relative exercises (and tests) are less beneficial for adolescents who are overweight or obese in terms of social comparison (they perform less compared to normal weight youngsters on these exercises) and with that, in terms of motivation to exercise..

Process evaluation, diffusion and implementation {#Sec19}
------------------------------------------------

We have shown that strength exercises during physical education classes in secondary schools improve body composition and probably promote physical activity. At this point, it is difficult to estimate the magnitude of long-term effects. Replications of these findings are needed, but also diffusion and implementation. We collected process evaluation data on secondary physiological and psychological outcomes, and are collecting data on teacher experiences with our programme (not reported here); both will result in further suggestions to improve the intervention. During the intervention period, the online motivational lessons were monitored to see the students progress (all schools finished the online lessons). For the motivational lessons in classical setting and the strength exercise lessons, the teachers were asked to evaluate their progress halfway, and at the end of the intervention. Teachers reported an average-to-good program delivery. The basic idea is simple and easily implementable. Infrastructures at schools can be optimised. Physical education teachers can be informed about strength exercises, and provided with guidelines and suggestions for practice \[[@CR38]\]. A work book with exercises is freely available (see Additional file [1](#MOESM1){ref-type="media"}), but it was noticed that teachers themselves can easily come up with new ideas about strength exercises in the lessons the moment they understand the principle and find out that the students react positively, especially the students with overweight.

Outside the school setting, different sports in which pure physical strength and/or body mass are beneficial (eg. rugby, judo) could be systematically promoted as an alternative for youngsters who are overweight. Fitness centres offer strength training, but they are often inaccessible for youngsters, suggesting that a collaboration between schools and fitness centres may be fruitful. Schools could consider providing this equipment. Additionally, we recommend increasing parental awareness of the advantages of strength training in terms of their child's health \[[@CR10], [@CR11]\].

Strengths and limitations {#Sec20}
-------------------------

In this study we used highly accurate measuring techniques (deuterium dilution technique and accelerometry) in a relatively difficult setting (high schools). Although both measuring techniques (deuterium dilution and accelerometry) are acceptable in all age groups, the method is relatively expensive and thus often not applied in larger studies. Due to the nature of these measurements, many students decided to not participate in this measurement (either at T0, T1, or both, see Table [4](#Tab4){ref-type="table"} for exact numbers), resulting in missingness. While all available data were included into the analysis using a method that is valid under so-called missingness at random (MAR, missingness depends on observed variables such as age or pretest if posttest is missing), we cannot rule out bias arising from missingness not at random (MNAR, missingness depends on unobserved variables such as posttest if posttest is missing). Unfortunately, MNAR cannot be detected or adjusted for. At best, complex methods can be used to explore the robustness of results against various patterns of MNAR missingness \[[@CR29]\]. Further, although our sample size was quite large, our study was underpowered both due to the larger than expected dropout or missingness and due to the clustered data structure (students nested within schools, randomization of schools). It is encouraging that, in spite of that low power, both primary outcomes showed a significant and beneficial intervention effect. It is unclear to what extent the absence of a significant effect on various other outcomes is due to low power. Lastly, we did not measure sitting height, so we were unable to calculate maturation. This might be of additional value in future studies.

Conclusion {#Sec21}
==========

In this study, we implemented and evaluated an interdisciplinary theory- and evidence-based program that positively influenced body composition and physical activity. This might not be a direct solution to combat obesity, but it might help in the long term with the prevention of obesity related health issues. We do not want children and adolescents to become extremely muscular, nor should aerobic components be banned. Rather, we recommend that strength exercises, under qualified supervision should be added to a child's physical activity routine: as long as strength exercises are performed under qualified supervision, they might have positive long term health benefits \[[@CR39]\].

Additional file
===============

 {#Sec22}

Additional file 1:Full disclosure of materials, data, analyses, and output. (RAR 16265 kb)

BMI

:   Body Mass Index

CPM

:   Counts per Minute

ICC

:   Intraclass Correlation

MAR

:   Missingness at Random

MNAR

:   Missingness Non at Random

PE

:   Physical education

REML

:   Restricted maximum likelihood estimation

Following baseline measurements, we found out that in one of the schools, 3 out of 5 classes that had been allocated to the intervention condition were going to be transferred (after five months) to another school that had been allocated to the control condition. To minimise the chance of contamination, these 3 classes did not receive the intervention. To check the effect of this protocol deviation on the outcome variables, an extra predictor was added to the model which indicated this treatment switch (0 = not switched, 1 = switched), and its interaction with time was added as well. Neither that interaction nor the main effect of switch after dropping the interaction from the model was significant for any outcome, probably due to low power resulting from the fact that outcome measurements were missing for most switchers anyway. The reported effect analyses therefore do not adjust for switch, thus complying with the intention to treat principle (for further details of missingness, see the Results section).
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